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Xinxin Lu, MD, and Zhi Zhang, MD
Background: Carinal resection and reconstruction is technically
demanding. The aim of this study is to discuss the clinical value
of carinoplasty in the surgical treatment of bronchogenic carci-
noma involving carina.
Materials and Methods: From 1982 to 2006, 41 cases of centrally
placed bronchogenic carcinoma invading the carina were treated
with carinal resection and reconstruction in our hospital. Among the
41 patients, 25 patients simultaneously underwent additional cardio-
vascular plasty operations besides carinoplasty. There were 12
different types of carinal resection and reconstruction in our group.
Results: In this group, there was one perioperative death due to
anastomotic leakage. This patient died 2 weeks postoperatively.
Arrhythmia occurred in 12 patients, atelectasis in eight patients, and
pneumonia in five patients. Five patients had to be assisted with
mechanical ventilation because of pulmonary function failure. Anas-
tomosis stenoses were found in three patients 3 to 6 months post-
operatively and were resolved by stent insertion. Thirty-one patients
were diagnosed with tumor recurrences after operations. Progres-
sion-free survival was 75.6% at 1 year, 43.9% at 3 years, and 22.0%
at 5 years; the overall actuarial survival was 75.6% at 1 year, 46.3%
at 3 years, and 26.8% at 5 years. Survival was better in patients with
N0–1 disease than those with N2 disease (37.0% versus 7.1% at 5
years).
Conclusion: Carinoplasty for bronchogenic carcinoma involving
carina is feasible with acceptable morbidity and mortality if patients
are selected carefully. Preoperative evaluation of the mediastinum is
crucial for treatment selection.
Key Words: Carinal resection, Carinal reconstruction, Lung cancer,
Carinal tumor.
(J Thorac Oncol. 2009;4: 1375–1379)
Despite an improvement in surgical and anesthetic tech-niques since the initial report by Abbott1 in 1950, carinal
resection and reconstruction in surgical treatment of broncho-
genic carcinoma invading the carina still remains a challenge
for thoracic surgeons because of technical difficulties and
perioperative complications. Previous studies from several
centers have reported surgical results with acceptable mor-
tality and morbidity.2–4 We reviewed our 24-year experience
with 41 patients who underwent carinoplasty for broncho-
genic carcinoma with carinal involvement.
PATIENTS AND METHODS
The retrospective study was approved by our hospital’s
Ethics Committee. All 41 patients who underwent carinal
resection and reconstruction for bronchogenic carcinoma
with carinal involvement from 1982 to 2006 in the hospital
were included. Information and follow-up data were obtained
from hospital charts and referring physicians.
Clinical Data
From 1982 to 2006, 41 patients suffering from bron-
chogenic carcinoma involving carina received carinoplasty in
our hospital. All 41 operations were performed by two expe-
rienced surgeons, and 33 of the 41 patients have been surgi-
cally treated by Xu and coworkers since 1995. The mean age
of the 41 patients (29 men and 12 women) was 56 9.8 years
(ranged from 38 to 72 years). The tumor of each patient was
proven to be pathologically malignant through fiber-broncho-
scope before operation. Cough, hemoptysis, dyspnea, and
fever caused by postobstructive pneumonia were frequent
manifestations in the patients of our study. No patients in our
study were admitted to neoadjuvant radiochemotherapy due
to the absence of mediastinoscopy. Postoperative adjuvant
chemotherapy (carboplatinum and paclitaxel) was adminis-
tered to all 40 patients except one who had died postopera-
tively as a result of anastomosis fistula. The mean number of
adjuvant chemotherapy courses was 3.6 (range, 2–4). Eight
patients received 50 Gy radiotherapy delivered to the medi-
astinum only after operations.
Preoperative Evaluation and Preparation
Patients who were scheduled to undergo potential cari-
noplasty should be carefully selected. Cardiac or pulmonary
comorbidities should be painstakingly evaluated because of
their significant effect on outcome. Complete pulmonary func-
tion tests and arterial blood gas analysis should be routinely
performed to aid in the assessment of pre- and postoperative
lung function. Preoperative evaluation also consisted of chest
radiography, chest computed tomography (CT), and electro-
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cardiography. CT scanning of the abdomen, CT or magnetic
resonance imaging of the brain, and bone scintigraphy were
routinely performed to exclude distant metastasis. Bronchos-
copy was always performed preoperatively to assess the
resectability and the extent of tumor involvement. Mediasti-
noscopy was not performed routinely.
All patients were encouraged to stop smoking, and they
were usually hospitalized 3 to 5 days preoperatively to become
familiarized with the mechanism of breathing, coughing, and
swallowing and to have aerosol therapy twice a day.
Anesthesia
An epidural catheter was inserted before the operation
to provide postoperative analgesia. Patients received total
intravenous anesthesia. An extralong, flexible, armored, sin-
gle-lumen endotracheal tube was used, which could be ad-
vanced into a main-stem bronchus to provide one-lung ven-
tilation. As surgical resection proceeded, the opposite main
bronchus was intubated across the operative field with a spiral
tube connected to sterile tubing passed off to the anesthesi-
ologist. The original tube was positioned above the cut edge
of the trachea. A plan of intermittent ventilation was then
used to allow the precise placement of anastomotic suture.
This procedure was accomplished with the cooperation of the
surgeon and the anesthesiologist. As the first anastomosis (end-
to-end tracheobronchial anastomosis) was reapproximated and
the sutures were tied, the original tube was advanced into the
bronchus to allow uninterrupted ventilation. Most of the patients
in our group used the aforementioned ventilation technique.
High-frequency ventilation techniques were also used in the
operations of several patients.
Surgical Techniques
The chest was entered through the right or left fifth
intercostals space by means of posterolateral thoracotomy.
The most common incision to gain access to carina for carinal
resection and reconstruction was a right posterior lateral
thoracotomy through the fifth intercostals space. Limited
resection of the carina could be done through a left thoracot-
omy, but this procedure would have required the mobilization
of the aorta to gain access to the carina. Taps could then be
passed around the distal trachea and the right main-stem
bronchus to enhance exposure. Extensive involvement of the
carina, distal trachea, or right main-stem bronchus precluded
this approach. If lung resection was needed, it should be
performed first, and then systemic lympho node dissection
was performed before the trachea and bronchus were secured.
This could facilitate movement of the trachea and bronchus
and avoid further dissection after anastomosis was com-
pleted. Care must be taken to preserve the blood supply to the
trachea and the bronchus as much as possible. Twelve types
of carinoplasty were performed in our study (Figure 1). All
efforts should be made to reduce tension at the anastomosis
because the outcome depends on the tension at this site. The
simplest maneuver, as with tracheal resection, was the flexion
of the neck. This maneuver allowed the devolvement of the
trachea into the mediastinum. During anastomosis, the neck
was flexed to reduce tension. A pretracheal plane was devel-
oped to the inferior border of the cricoid cartilage. The same
maneuver was applied to the right or left bronchus. The
membranous portion was not dissected so as to avoid inter-
rupting the blood supply. An inferior hilar release was also
performed routinely. This was achieved by creating a
U-shaped incision in the pericardium beneath the hilum after
dividing the pulmonary ligament. Additional length could be
obtained by completely incising the pericardium around the
hilar vessels. Technical skills of anastomosis were well dis-
cussed in several previous studies.2–4 When neoplastic resec-
tions were performed, frozen-section analysis of resected
airway margins by a competent pathologist should be avail-
able. After a confirmation of air tightness at the anastomostic
site, viable tissue, such as the vasculized omentum or a
pedicled intercostals muscle flap was used to circumferen-
tially wrap each anastomosis. This technique could not only
add to the blood supply but also separate the anastomosis
from adjacent pulmonary vessels. At the completion of the
operation, a heavy “guardian” stitch between the chin and
chest was placed to hold the patient’s head in a mild degree
of cervical flexion to avoid excessive tension in the early
postoperative stage. This stitch was removed 2 weeks later.
Twenty-five of the 41 patients received simultaneous
cardiovascular plasty operations besides carinoplasty. Sleeve
resection and reconstruction of the pulmonary artery were
performed in 12 patients, extended resection of the left atrium
in eight patients, and superior vena cava (SVC) resection in
five patients. Three among the five patients underwent partial
resection of the SVC wall without graft interposition; the
other two underwent segmental resection of the SVC with a
ringed polytetrafluoroethylene (PTFE) graft. When segmental
resection of the SVC was planned, the left innominate vein
was bypassed to the right auricle with a ringed PTFE graft
before resection of the tracheal carina. After having com-
pleted all the anastomosis of the airway, the right brachioce-
phalic vein was bypassed to the cut edge of the SVC with a
ringed PTFE graft.
Postoperative Care
Postoperative care began in the operating room with a
flexible surveillance bronchoscopy to observe the anastomo-
sis and to permit adequate clearance of retained blood and
secretions. After the operation, the heavy “guardian” stitch
was kept for 2 weeks. Bronchial toileting with bronchofiber-
scopy and chest physiotherapy were necessary during the 2
weeks because the patients were unable to eliminate secre-
tions of the respiratory tract in this posture. The administra-
tion of intravenous fluids should be minimized to avoid
volume overload and possible pulmonary edema. The naso-
duodenum or nasogastric tube has been placed to offer enteral
nutrition to nine patients since 2002, thus reducing the ad-
ministration of the intravenous fluids. A temporary, mini-
mally invasive tracheotomy was performed at the end of the
operation to reduce the physiological respiratory dead space
and to facilitate direct aspiration whenever the predicted
residual ventilatory function reserve was borderline and the
patient’s collaboration reduced. Appropriate antibiotic cover-
age for 2 to 3 days was also necessary. Patients with SVC
revascularization received intravenous heparin 4 to 6 hours
postoperatively until the therapeutic prothrombin level and
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full mobilization were obtained. Then, aspirin was substituted
and administered for 6 months postoperatively (low molecu-
lar weight heparin therapy is now recommended according to
recent studies,5,6 though aspirin had been widely used). Be-
fore being discharged from the hospital, all patients should
undergo flexible surveillance bronchoscopy to evaluate air-
way anastomosis.
Statistical Analysis
Follow-up was completed up to February 2006 or to the
date of death. During follow-up chest, CT scanning and
bronchoscopy were performed every 3 months in the first 2
years and were repeated every 6 months. Data were analyzed
using a commercially available statistics software package
(Statistical Package for the Social Sciences for Windows
version 13.0, SPSS Inc, Chicago, IL).
RESULTS
By February 2006, 41 cases of carinoplasty operations
had been performed in our hospital. The histology and stage
of the tumor were shown in Table 1. There was one (2.4%)
FIGURE 1. Twelve different types of carinal resection and reconstruction. A, The trachea was anastomosed end-to-end to the
left main bronchus (n  5 cases). B, The right lung was resected with restitution of the carina (n  2 cases). C, The trachea
was anastomosed end-to-end to the left main bronchus, and the right bronchus intermedius was anastomosed end-to-side to
the trachea above the first anastomosis (n  3 cases). D, The trachea was anastomosed to right intermedius branch and left
main bronchus (n  3 cases). E, The right bronchus intermedius was anastomosed end-to-side to the trachea (n  1 case). F,
The right upper lobe was anastomosed end-to-side to the trachea (n  2 cases). G, The trachea was anastomosed end-to-end
to the right main bronchus (n  6 cases). H, The left lung was resected with restitution of the carina (n  6 cases). I, The tra-
chea was anastomosed end-to-end to the right main bronchus, and the left main bronchus was anastomosed end-to-side to
the trachea above the first anastomosis (n  1 case). J, The trachea was anastomosed to right and left main bronchus (n  6
cases). K, The left main bronchus was anastomosed end-to-side to the trachea (n  4 cases). L, The right main bronchus was
anastomosed to the end of the trachea and the left main bronchus was implanted into the intermedius (n  2 cases).
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perioperative death in our group; this patient died 2 weeks
postoperatively due to severe empyema caused by anasto-
motic leakage on the 5th postoperative day. Five patients
(12.2%) were assisted with mechanical ventilation because of
pulmonary function failure. Arrhythmia occurred in 12 pa-
tients (29.3%), atelectasis in eight patients (19.5%), and
pneumonia in five patients (12.2%). Anastomosis stenoses
were found in three patients 3 to 6 months postoperatively
and were resolved by stent (Dumon stent) insertion. Fol-
low-up was complete on all patients but two who were lost
from follow-up 5 years after the operations without the tumor
recurrence. The median follow-up time was 27 months
(range, 6–126 months). Thirty-one patients were diagnosed
tumor recurrences. One recurrence was local, and the others
were systemic, as solitary (n  21) or multiple (n  9) first
tumors. The progression-free survival was 75.6% at 1 year,
43.9% at 3 years and 22.0% at 5 years; the overall actuarial
survival was 75.6% at 1 year, 46.3% at 3 years, and 26.8% at
5 years. Survival was better in patients with N0–1 disease
(n  27) than those with N2 disease (n  14, 37.0% versus
7.1% at 5 years).
DISCUSSION
Carinal reconstruction to create “neocarina” was first
reported by Barclay et al.7 in 1957. Surgical resection of
bronchogenic tumor with carinal involvement is still an
unusual condition and remains a challenge for thoracic sur-
geons because of difficult preoperative selection of surgical
candidates and technical difficulties in carinal reconstruction
and airway management.
Initial large series dealing with carinal resection and
reconstruction of carinal tumor or bronchogenic carcinoma
reported high-postoperative mortality, with figures ranging
from 29 to 40%.8–11 Recently, reports from several centers
revealed that postoperative mortality rate ranged from 4 to
12.7%,2–4 which could be explained by improvements in
anesthetic and postoperative management and progress in
surgical techniques. The overall postoperative mortality rate
reported in our study (2.4%) was slightly lower compared
with previous studies. We could not explain this result accu-
rately because the surgical techniques and anesthesia skills
used in our study were similar to those that have been
previously reported.4 In most previous studies, operative
death was associated with pulmonary function failure or
anastomosis fistula. These complications were also observed
in our study. Only one patient in our study was diagnosed
with anastomosis fistula, which resulted in death. This might
have been due to our wrapping of the anastomosis with the
vasculized omentum or a pedicled intercostals muscle flap
routinely. We had experience with this method in our lung
autotransplantation technique and had achieved excellent
results.12 On the other hand, we considered a balance between
a clear margin and a safety reconstruction of the airway
preoperatively. We usually conducted surgical resection if the
lesion involved the trachea and bronchus less than 3 cm. The
goal of surgery was to obtain tension-free anastomosis with
negative surgical margins. Mitchell et al.13 concluded that the
need for postoperative mechanical ventilation was the stron-
gest predictor of postoperative morbidity and mortality. The
five patients who suffered from respiratory failure in our
study all recovered from intensive care unit with assisted
mechanical ventilation. We postulated that strict preoperative
patient selection, good preoperative preparation, and im-
proved postoperative intensive care unit care might have
contributed to this result.
Tumors with carina involvement are classified as T4
(stage IIIb). With developments in radiochemotherapy, the
benefit of surgery for patients undergoing carinoplasty still
remains questionable. Previous studies have confirmed the
acceptable long-term results of carinal resection and recon-
struction. The overall 5-year survival rate had ranged from
28.5 to 42%.3,4,13 Our overall 5-year survival rate was 26.8%,
which was lower than reports from several experienced cen-
ters. Yamamoto et al.2 observed that the 5-year survival rate
in patients who underwent carinoplasty without nodal in-
volvement was 44.4%, when compared with 0% with N2
nodal involvement. Similarly, Mitchell et al.13 described an
overall actuarial 5-year survival rate of 42% in 60 patients
after carinal resection and reconstruction and demonstrated
that survival (N0–1  83% and N2–3  12%) was clearly
related to nodal status. In our study, there were 14 patients
(34.2%) among the 41 who had diagnosed N2 involvement
after operations. This percentage was higher than previously
reported.2,13 This high rate of N2 disease in our group was
due to the lack of routine mediastinoscopy in our patients
partially due to the unavailability of mediastinoscopy in our
hospital until 2005. On the other hand, CT scans in the
majority of the 14 patients with N2 involved did not reveal
obvious lymph node enlargement (1 cm) preoperatively.
That might be the negative effect on the 5-year survival rate
in our group. Similar to previous studies,2,13 survival was
better in patients with N0–1 disease than those with N2
disease in our study. Based on these findings, preoperative
mediastinoscopy should be done routinely to exclude those
with N2 disease. Studies from several centers had suggested
that N2 nodal involvement might be a contraindication for
carinoplasty. However, Regnard et al.14 did not contraindicate
carinal resection in N2 disease, especially after the applica-
tion of neoadjuvant chemotherapy. Their study revealed that
routine mediastinoscopy should be considered, with neoad-
juvant chemotherapy administration in cases of proven N2
disease, and only those who respond to chemotherapy should
undergo surgery (if complete resection was anticipated).
TABLE 1. Histology and Stage of the Tumor
Pathologic Stage Histology Cases
T4N0M0 Squamous cell carcinoma 5
Adenosquamous cell carcinoma 2
Adenoid cystic carcinoma 3
T4N1M0 Squamous cell carcinoma 12
Adenosquamous cell carcinoma 2
Squamous cell carcinoma 3
T4N2M0 Adenosquamous cell carcinoma 8
Adenocarcinoma 6
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However, neoadjuvant chemotherapy was never systemati-
cally used in newly diagnosed N2 patients requiring carinal
reconstruction mainly because of its association with anasto-
mosis-related complications and operative mortality.15 We
agree with the view of Regnard et al. The role of neoadjuvant
therapy for bronchogenic carcinoma invading the carina de-
serves further investigation. Moreover, good long-term re-
sults in N0 or N1 diseases, both in our study and in previous
studies, confirm the necessity of performing surgery in se-
lected patients with carinal involvement.
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